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ABSTRACT 

This project concerned the application of photoviscos~ty to exper  - 
imental  investigations of flow fields in fluid devices.  Milling Yellow 
dye solutions were  used in the experiments .  
ships  between the optical phenomena and two -dimensional flow kine - 
matics were summar ized  and presented. 
for  applying the photoviscous technique to a var ie ty  of t ransparent  
models  simply and conveniently. The use of a rectangular channel 
model ,  integral  with the fluid circulation sys tem,  was demonstrated 
as a calibration device fo r  obtaining the optic response of the photo- 
viscous liquid. 

The analytical relation- 

Tes t  equipment was developed 

The majori ty  of the quantitative testing was performed using a 
A comparison was made of the vortex model with no tangential flow. 

radial  distribution of the fluid deformation rate  as determined (a)  
analytically, and (b) by photoviscous exper iments .  
poor ,  which i s  attr ibuted to the low aspect  ra t io  (depth-to-width ratio) 
of the model. The comparison demonstrated (a)  the importance of the 
aspect  ra t io  c r i te r ion ,  i f  quantitative determination of a flow field is 
of in te res t ,  and (b) the need for  studying the three-dimensional s t r e s s -  

technique. 

The agreement  was 

optic law for  ;"iilljag yelloiii u y c  -I--- 0 - 1  D U J i i L * U , ,  t:,-.- to extend the  uti!it.r of the J 

The combination of photoviscosity with high-speed motion picture 
photography was found to be a potentially valuable technique for  studying 
the internal  dynamic response t imes in fluid flow models .  Severa l  kinds 
of qualitative information obtainable, using photovjscosity, a r e  de scr ibed.  
Recommendations a r e  made for  adding rheological calibration to optical 
calibration of the working fluid to refine the photoviscous technique. 
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FOREWORD 

This report  was prepared by the Research  Laborator ies  Division 
of the Bendix Corporation a s  par t  of the r e sea rch  and study performed 
under Contract NAS 8 - 5407, Phase  111, "Development of a Photoviscous 
Technique for  Fluid Flow Studies," f o r  the George C. Marshall  Space 
F 1 ig ht Cent e r , National Aeronautic s and Spac e Administration . 

The project engineer fo r  the Marshall  Space Flight Center w a s  
M r .  J e r r y  A. Peoples .  

The technical work performed at  the Bendix Research Laborator ies  
Division was the responsibility of M r .  F. M. Faubert .  
was initiated by Mr .  B. S. F i ch te r ,  who made  many contributions 
throughout the project duration, 
Mechanics Department, headed by M r .  B. R .  Teitelbaum. 

The project work 

The work was performed i n  the Applied 

The report  is published in two volumes. Volume I - Theory and 
Experiments t r e a t s  the analytical foundation of the photoviscous tech- 
nique and descr ibes  the resul ts  of experiments performed during the 
project.  
developed during the project,  and gives operating and maintenance 
info r mat  ion, 

Volume I1 - Photoviscous Tes t  Stand descr ibes  the equipment 
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SECTION 1 

INTRODUCTION 

I 

Description of Apparatus 

The Bendix Photoviscous Tes t  Stand is a laboratory t e s t  facility 
which provides a convenient method of obtaining quantitative and quali-  
tative data f rom two-dimensional t ransparent  t e s t  models. This flow 
visualization technique uti l izes the birefringent propert ies  of Milling 
Yellow dye solutions. 
can provide ei ther  white o r  monochromatic light, in e i ther  the plane o r  
c i rcu lar ly  -polarized mode. 
variable volume flow ra t e s ,  a t  various constant tempera tures .  
all view of the tes t  stand is shown in F igure  1-1. 

The stand i s  equipped with an optical sys tem that 

The flow circulation sys tem will provide 
An ove r -  

F igure  1-1 - Bendix Photoviscous Tes t  Stand 
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The base of the stand is composed of two modular  enc losures  
connected by a working surface.  
available f rom Amco Corporation. 
the flow circulation components. 
optical system supers t ruc ture ,  the Polaroid fixture,  and the gage panel. 
These last three i t ems  were  built specifically for the sys tem.  

These components a r e  commercial ly  
The two modular  enc losures  house 

The working surface supports  the 

Flow Circulation System 

The flow circulation sys tem contained in  the tes t  stand is shown 

The motive source of 
schematically in Figure 1-2,  and F igu res  1-3 and 1-4 show the com-  
ponents as  installed in the modular enc losures .  
power for the sys tem is a centrifugal pump and motor  combination, 
manufactured by Oberdorfer  Company. The motor  del ivers  0 . 3 3  horse  - 
power at 3450 rpm,  and the pump will del iver  17 gallons p e r  minute at 
10 psig discharge p res su re .  (This  rating is for water  at 68°F.) The 
impel le r  and the pump housing a r e  bronze ,  

The tempera ture  of the Milling Yellow dye is regulated by a Jordan  
mixing valve and tempera ture  sensor ,  and a Vickers  shell-and-tube heat 
exchanger. A section view of the mixing valve is shown in F igure  1-5.  

The tempera ture  regulation u s e s  the feedback principle. F r o m  
the figure,  we see that the des i red  tempera ture  setting is obtained by 
positioning a spring Ks which va r i e s  the load on diaphragm AI. Assume 
the valve is at s teady-state .  Now if  a s m a l l  dec rease  in the dye solution 
tempera ture  Tf  should occur ,  the p r e s s u r e  P i  will decrease  a c o r r e s -  
ponding amount. Alternatively,  an increase  in the valve setting Tse t  
can be made manually. E i ther  case  violates the force balance between 
the p r e s s u r e  P 1  t imes  the a r e a  A1 of the diaphragm, and the spr ing 
load. Due to the result ing unbalance, the diaphragm w i l l  move up until 
a force equilibrium is achieved. The motion of the diaphragm is t r a n s -  
mit ted directly to the sliding valve,  which, as shown in F igure  1-5, 
causes  an increase  in  the valve a r e a  for the hot water  flow and a decrease  
in the valve a r e a  for the cold water  flow. Due to the net increase  in 
enthalpy of the output flow to the heat  exchanger ,  an increase  in dye 
solution temperature  is  effected. 
t inues to increase ,  until the fluid in the sensor  reaches  a tempera ture  
level that produces a p r e s s u r e  force g rea t  enough to substantially 
overcome the initial force unbalance. 
new steady-state position with the e r r o r  between command and actual 
fluid tempera tures  a t  a very  small value,  

The tempera ture  of the solution con- 

The valve h a s  now reached a 



MIXING 

P-3922 
HOT 

WATER WATER 

Figure  1-2 - Schematic of Flow Circulation System 

F igure  1-3 - Right Hand Cabinet 
Reservoir  and Pump Motor 

Combination is Installed 

F igu re  1-4 - Left Hand Cabinet 
Mixing Valve, Heat Exchanger 

Settling Tank and Filter 
as Installed 
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U 
REGULATED COLD- 

WATER MIXED 
FLOW TO HEAT 

EXCHANGER 
INLET 

REGULATED HOT- 
WATER 

'SLIDING VALVE P-3922 

F i g u r e  1 - 5  - Jordan Mixing Valve 

The cold and hot water  is supplied to the valve by Norgren p r e s  - 
s u r e  regulators ,  which tend to hold a constant differential  p r e s s u r e  
a c r o s s  the sliding valve. It can be seen  that the feedback principle,used 
in regulating the tempera ture  ,will  a l so  minimize changes in dye solution 
temperature  due to variations in water  tempera ture .  

The output f rom the heat exchanger flows into the settling chamber.  
The chamber is a s ta inless  s tee l  cylinder with a 1.5 gallon capacity. 
The settling chamber  is used to dec rease  the fluid velocity, so that the 
temperature  as sensed by the tempera ture  sensor  will  be as accurate  
as possible. 

The output flow f r o m  the settling chamber  can be bypassed back 
to the reservoi r  o r  directed to the t e s t  model. 
model  can be spli t  into two supply l ines .  Each  supply line has  i t s  own 
flowmeter,  and the supply p re s su re  in each line can  be measured .  
flowmeters a r e  manufactured by F i sche r  - P o r t e r  Company and a r e  
calibrated in percent  of volume flow. 
point corresponds to 5.85 cubic inches per  second of water .  

The flow to the t e s t  

The 

At 25"C,  the 100 percent  flow 
The tube 
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assembl ies  a r e  made of s ta inless  steel  and g lass ,  and the floats a r e  of 
s ta inless  s teel .  

The supply tank, o r  reservoi r ,  is a purchased i tem f rom Tamco 
Products .  
has  a five gallon capacity, The return lines f r o m  the model and the 
bypass valve en ter  the tank through dr i l led holes in the cap. 
a r e  slightly l a rge r  than the tube diamkters ,  so that the tank will  be 
vented essentially to atmosphere,  while minimizing the amount of dye 
evaporation. 

The tank and spigot a r e  made of polyeurethane, and the tank 

The holes 

The lines and fittings connecting the flow circulation components 
a r e  s ta inless  s tee l  and plastic. All of the dye flowing through the model 
is f i l tered down to 40 microinches by a Culligan water  f i l t e r ,  located on 
the discharge side of the settling tank. 

Optical  System 

The optical sys tem of the Bendix Photoviscous Tes t  Stand is 
shown schematically in Figure 1-6,  and the actual apparatus a r r ange -  
ment  is shown in F igures  1-7 and 1-8. 
three basic  subsystems: 
and the upper level optics. These subsystems will  be discussed in the 
same o rde r .  

The sys tem is comprised of 
the lower level optics,  the Polaroid fixture 

The lower level optics subsystem produces a collimated beam of 
w’nite or *rionoclireriiatie light. TL- L l L G  !*,*,, :,-.Lt auuLIc.c O T \ l l * , . , P  , , C c l r l  U Y b U  1s 3 !50-v/att 
projection bulb. A heat f i l ter  and a cooling fan a r e  integrated into the 
light source.  The heat f i l ter  removes that par t  of the spectrum in the 
inf ra - red  region, while the cooling fan provides circulation of air 
around the bulb. 

The white light produced by the light source is t ransmit ted through 
a focusing lens and, i f  desired,  through a monochromatic f i l ter .  The 
focusing lens is used to provide an intense beam of light at  the f i r s t  
surface m i r r o r .  
wavelength in the white light, and can be removed easi ly  f rom the opti- 
ca l  path if white light i s  desired.  

The monochromatic f i l ter  pas ses  only the green  

The beam of light coming from the f i r s t  surface m i r r o r  is directed 
into a collimating lens which produces a collimated bundle of light rays ;  
that is, there is no convergence o r  divergence of the light beam. 
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DYE FLOW OUT 

f QUARTER WAVE 

SECOND POLARIZER (ANALYZER) 

MATING LENS 

TEST MODEL 

HEAT 
FILTER 

Figure  1-6 - Schematic of Optical System 

F igure  1-7 - Lower Level Optics and Polaroid F ix ture  
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F igure  1-8 - Upper Level Optics and Polaroid F ix ture  



The Polaroid fixture is composed of a polar izer ,  two f i r s t  surface 
m i r r o r s ,  and an analyzer.  The collimated beam f rom the lower level 
coll imator pas ses  through the polar izer ,  and is reflected upward through 
the t e s t  model by the first m i r r o r .  The light f r o m  the model then passes  
through an analyzer,  and is reflected through another 90-degree turn by 
the second m i r r o r .  
i t ems  f rom the PolaroidCorporation and a r e  designed to give ei ther  
plane o r  c i rcular ly-polar ized light. The Polaroid sheets  a r e  manufactured 
with qua r t e r  wave layers  bonded to one side. If the sheets  a r e  oriented 
so that the qua r t e r  wave plate is ahead of the polar izer  and behind the 
analyzer]  plane -polarized light is obtained. If both sheets  a r e  reversed]  
c i rcular ly-polar ized light is obtained. The Polaroid fixture is equipped 
with a gear  system driven by a hand crank,  so that the polar izer  and the 
analyzer can be rotated together. The position of the polar izer  axis can 
be measu red  with reference to the horizontal  by a 360-degree calibration 
dial  located on the front face of the fixture.  The tes t  model is positioned 
in the Polaroid fixture,  centered between the polar izer  and the analyzer.  

The polar izer  and analyzer sheets a r e ,pu rchased  

The upper level optics subsystem is equipped with a collimating 
lens and a fixture for  holding a camera  o r  a projecting lens. The coll i-  
ma to r  focuses the light beam f rom the Polaroid fixture geometrically 
at the camera  fixture. 

- 
IN 

P-3922 

I I  I 

0.5" I I 

h\\\i \\\\\\\\\\\\\\\\\ le\\<\\$\\q IN 

I '1 +2.5*--4 

I '  

Figure 1-9 - Rectangular Channel Dimensions 
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The c a m e r a  used for all of the exper imenta l  work performed at  
the Bendix Research  Laborator ies  was a Honeywell 3 5  mm single lens 
reflex,  equipped with a 55 mm focal length f / 2  Takumar lens ,  in com-  
bination with a Spiratone 3X Telextender lens. 
pat terns  were recorded with Kodak Tr i -X  f i lm,  ASA-400. The color 
pa t te rns  were recorded with Kodacolor-X film, ASA 64. 

All of the monochromatic 

Calibration Fixture  

The tes t  stand is equipped with a high aspect  ra t io  rectangular  
channel which is used to obtain the optic response of the dye solution. 
The channel is fabricated f rom plexiglass,  and the joints a r e  bonded 
together with c lear  cement.  The channel is shown in F igure  1-9. 

1-8 
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SECTION 2 

THEORY O F  OPERATION 

The utilization of a photoviscous fluid to  obtain qualitative and 
quantitative data f rom generalized two-dimensional, laminar  flow fields 
is based on the doubly-refracting character is t ics  of cer ta in  fluids. This 
double refraction character is t ic  is produced by local shearing s t r e s s e s ,  
result ing in the formation of two mutually-perpendicular optic axes  in 
the fluid. The orientation of these axes a r e  re la ted to the direction of 
the maximum ra te  of deformation in the fluid. 

When a birefrigent fluid i s  caused to  flow through a t ransparent  
model and is viewed in plane -polarized monochromatic light, visible 
fringe patterns a r e  formed, which appear a s  a l ternate  light and dark  bands 
throughout the fluid. It can be shown that the conditions for  ze ro  light 
t ransmiss ion  correspond to  

6 = 2 r N  N = 0, 1 ,  2 ,  a . . ( 2 . 1  b )  

where 

(2.1 a )  

p = angle between the optic axis and the axis of polarization 

6 = relative retardation between the slow and fast  r ays  produced 
by double refraction. 

The dark  bands produced by condition (2.1 a )  a r e  called isoclinics,  and 
these bands a r e  loci where one of the local optic axes of the fluid is 
aligned with the direction of vibration of the polarized incident light. 
The bands produced by condition (2.1 b )  a r e  called isochromatics ,  and 
a r e  the loci where the relative retardation between the fast  and slow 
rays  is either ze ro  o r  some whole multiple of the wavelength of the 
incident light. 

It should be noted that plane-polarized white light will produce 
dark  bands only as a resu l t  of condition (2.1 a ) ,  since the light consis ts  
of a continuum of wavelengths, and no single phase difference is obtained. 
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(The re  will, however, be one dark  band formed by condition (2.1 b )  for  
N = 0, which is the ze ro  o rde r  f r inge.)  The use of c i rcular ly-polar ized 
monochromatic light eliminates any possibility of dark  spaces  occuring 
f rom a condition corresponding to  equation (2.1 a ) ,  since the entering 
r ay  vector has  no special  orientation with respec t  to the fluid optic axes .  
Thus,  the use of c i rcular ly-polar ized monochromatic light eliminates 
the isoclinics. 

The amount of birefringence in a doubly-refracting fluid can be 
expressed a s  the difference in indices of refract ion between the ord inary  
and the extraordinary r ays ,  and can be calculated f r o m  

- n  I = A p M E  I ne 0 max 

where 

p = fluid visc0si.y 

X = wavelength of the monochromatic light source 

M = Maxwell constant 

= maximum deformation ra te  in the fluid 
max 

E 

n , n = extraordinary and ordinary indices of refraction 
e o  

Alternately, the birefringence can a l so  be expressed  a s  

NX - n  - -  i ne 01 - L 

where 

L = optical path thickness through the fluid 

N = fringe order  ( N  = 0, 1, 2,  3 . . . )  

Equating equations (2 .2 )  and (2.3) gives 

N = p M E  L 
max 

(2.3)  

(2 .4)  

which indicates that the amount of deformation ra te  existing in the fluid 
i s  related to the isochromatic f r inge patterns formed in the fluid. 
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The classical  method of experimentally determining the relation 
between fringe o rde r  N and maximum deformation ra te  i s  by utilizing 
a concentric cylinder polariscope. This device consis ts  of two concentric 
cyl inders  with t ransparent  end plates,  and the outer cylinder i s  connected 
t o  a dr ive  system which rotates this cylinder a t  various speeds.  
annular space between the two cylinders i s  filled with a sample of the tes t  
fluid, and the annular gap i s  illuminated with monochromatic polarized 
light. The actual tes t  calibration is obtained by noting the cylinder speeds 
a t  which different o rde r  fringes pass  through the center  of the annular 
gap. 
in Volume I of this repor t ,  Section 3.3.) 

I 

The 
t 

1 

(A m o r e  complete description of the polariscope can be found 

The  fluid calibration curve can also be obtained f rom the fringe 
pa t te rns  formed in a rectangular channel of high aspect  ratio.  In pract ice ,  
th i s  method i s  definitely more convenient, since a fluid sample does not 
have t o  be drawn from the system. 
into the flow circulation sys tem in either s e r i e s  o r  parallel  with the model. 
The deformation ra te  existing a t  any point in the channel, (assuming fully 
developed laminar  flow with constant viscosity) i s  given by 

The channel can  be plumbed direct ly  

where 

(2.5) 

0 = volume flow ra te  through the channel , ( in3/sec)  

A = cress-sect ional  area of the channel section under 
2 consideration ( in  ) 

h = channel half height, ( i n . )  

y = distance f r o m  channel centerline to  any point in the 
flow field, ( in)  

= deformation r a t e  ( s e c - l )  
m ax 

E 

By noting the positions of the fringes with respec t  to the channel center -  
l ine,  and calculating the deformation rate ,  using equation (2.5), a t  these 
positions, a plot of fringe o rde r  versus  deformation ra te  is obtained. 
Then f r o m  equation (2.3),  the fluid birefringence can be calculated f o r  each 
fringe,  giving a final relation of birefringence versus  deformation r a t e  
for  the tes t  fluid. 
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The necessi ty  of obtaining the birefringence, ne - no, ve r sus  
deformation r a t e ,  Emax, becomes apparent when we consider that  both 
the velocity gradient and the s t r e a m  function + a r e  re lated to  the maximum 
deformation ra te  existing in the fluid. The velocity distribution i s  r e -  
la ted to the deformation ra te  by equation (2 .6 ) ,  while the relationship 
between s t r e a m  function + and deformation ra te  i s  given by equation 
( 2 . 7 )  These equations a r e  

' 

V max - -  
2 

r 
r '  

where 

- velocity gradient along a normal  to  a se t  of s t r eaml ines ,  
( s e c - l )  

av 
an 
- -  

V = velocity along a s t reaml ine  ( i n / s e c )  

r = radius  of curvature  of s t r e a m  line ( in)  

r '  = radius  of curvature  of a normal  to  a set  of s t reaml ines  
( in )  

and 

where 

LJJ = Stokes s t r eam function 
2 

in /secl  

( 2 . 7 )  

x, y = rectangular coordinates ( in )  

Essentially,  the presence of Emax in these equations i s  the bas i s  of the 
photoviscous technique when used to obtain quantitative data.  

of Emax 
fringe pat terns .  
o r d e r  and calculating the value of birefr ingence corresponding to  each 
locus. 
values of birefringence can be taken direct ly  f rom the calibration curve ,  
which w a s  obtained with the rectangular  channel. 

The values 
can be obtained throughout the flow field f rom the isochromatic  

This  i s  done by mapping the l ines  of constant fringe 

Then the value of deformation r a t e  corresponding to the various 

2 -4 



The utility of equations (2.6)  and ( 2 . 7 )  should be discussed at  this 
point. It can be seen f rom equation (2 .6 )  that the values of the radi i  of 
curva ture  of both the s t reamline and the normal  to  a se t  of s t reamlines  
are  needed before the equation can be graphically or numerically 
integrated to obtain the velocity distribution. 
that the s t reamlines  must  be known previously, o r  e l se  obtained by some 
other method, such as dye injection. Equation (2.7), however, is com- 
pletely general ,  although the solution to the equation requi res  that i t  be 
put in finite difference form before it can be solved by numerical  techniques. 
The boundary conditions a r e  obtained f rom a fluid flow consideration 
that J1 is  constant along any boundary. 

In essence,  this means 

2 - 5  



SECTION 3 

OPERATION 

The Bendix Photoviscous Test Stand i s  designed to  provide simpli-  
city in operation. 
events necessary  to produce visible fringe patterns.  

The following l is t  indicates the ent i re  sequence of 

1. Connect plug located a t  the right hand side of the stand to any 
11 0 volt single phase l ine.  
(F igure  3 - 1 ,  location "a") 

The tes t  stand will d raw 4 amperes  maximum. 

F igure  3-1 - Overall  View of the Test  Stand 
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2. Connect hot and cold water supply l ines to the AN-4 fittings 
the le f t  hand marked "Hot Water In" and "Cold Water In" located on 

side of the cabinet. 
the AN-8 fitting marked "Drain," a l so  located on the left hand side. 
(F igure  3 - 1 ,  location "b") 

Connect a line f rom a convenient drain o r  sink to 

3 .  Install the tes t  model in the flow circulation sys tem by con- 
necting the input line from the model to  the AN-8 fitting located on the 
"T" of the three way manual valve on the right hand side of the gage 
panel. 
located on the lower left hand side of the tes t  panel. 
line from the model to the AN-8 fitting, located a t  the lower center of 
the panel. Make s u r e  that the valve located direct ly  above this outlet 
fitting is opened a t  least  par t  way before start ing the pump. 
(F igure  3 - 1, location "c") 

If another input is required,  connect this l ine to the AN-8 fitting, 
Connect the output 

4. Install the tes t  model in the Polaroid fixture,  making su re  that 
the flow a r e a  under investigation is centered in the c i rcu lar  opening in 
the fixture. (Figure 3 - 1 ,  location "d") 

5. Turn  on motor switch located at the right hand side of the tes t  
stand. (F igure  3 - 1 ,  location 'le") 

6 .  Open valves supplying hot and cold water to the stand to the 
maximum po s it ion. 

7. Turn  on switch located on light source  assembly at  the left 
hand corner  of the tes t  stand. (F igure  3-2 ,  location "g") 

8 .  Open the valves located above the inlet fittings. Adjust the 
valves until the des i red  flow ra te  readings a r e  obtained in the flowmeters.  
(F igure  3 - 1,  location 'lh'l) 

9 .  Adjust the knurled knob on the mixing valve (located in the left 
hand cabinet) until the des i red  temperature  can be read  f rom the thermo- 
me te r ,  located in the right hand supply line. 
an increase in fluid temperature ,  while a counter clockwise rotation 
decreases  temperature .  

Clockwise rotation gives 

(F igure  3 - 3 ,  location "i") 



.. 

Figure  3-2 - Lower Level Optic and Polaroid Fixture  

F igure  3 - 3  - Left Hand Cabinet Mixing Valve, Heat Exchanger 
Settling Tank and Fi l te r  is Installed 

10. If photographs a r e  to  be taken of the fringe patterns,  install 
c a m e r a  on the fixture located at the left  end of the upper optical level. 
Adjust the depth of field until a sharp pattern of the fringes is visible. 
To  ensure good exposures,  take pictures a t  various shutter speeds.  
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SECTION 4 

MAINTEN-4NCE 

The Bendix Photoviscous Test Stand is relatively maintenance - 
f r e e .  Under normal  operation, only the light source and the fluid f i l ter  
e lement  (Culligan "Fi l ter-gard" element No,  9553-1 1) will  require 
attention. 
is changed, and the light source will require  a new bulb (Sylvania 
15 hour ,  150 watt, 120 volt, projection-type) fo r  every  15 to 20 hours  
of testing. 

The f i l ter  e lement  should be changed every  t ime the fluid 
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SECTION 5 

LIST OF EQUIPMENT 

Component De s c r ip  t ion Supplier 

Pro jec t ion  Sylvania 15 hour,  150 watt Edmund Scientific Co. 
l amp  120 volt, Tru-focus Barrington, New J e r s e y  

projection lamp; stock 
no. 50189 

Focus  lens Eyelens,  coated, 46 mm Edmund Scientific Co. 
d i ame te r ,  78 m m  focal 
length; s tock no. 6247 

Barr ington,  New J e r s e y  

Heat f i l t e r  Fish-Shurman heat C onduc t ron  Corporat ion 
interference type; XUR- 96 Ann Arbor ,  Michigan 

C o nduc t r o  n C o rpo r a t  ion Monochromatic Bausch and Lomb; 5461 
f i l t e r  Angstrom Ann Arbor ,  Michigan 

P o  1 a r i z i ng 
shee ts  lamination, non- ground Cambridge,  Mass .  

Standard optic 66T Polaroid C o rpo  r a t  ion, 

and polishedj 4 in: 
diameter ;  type HN CP37 

Collimating Air  spaced achromatic Edmund Scientific Co. 
l enses  lens ,  133 m m  diameter ,  Barrington, New J e r s e y  

508 m m  focal length; 
s tock no. 70575 

F i r s t  sur face  Selected plate glass  coated L. H. Sampson Company 
m i r r o r s  with 601 f i r s t  surface Farming  ton, Michigan 

alloy, 4 in. x 6 in. 

Pump and Obe rdorfe  r centrifugal Chas.  A. Strel inger ,  
motor  combin- pump; No. 4GCC, 1 / 3  h.p. Warren,  Michigan 
ation 

T e m p e r a t u r e  
Control ler  mixing valve.type 101 Cincinnati, Ohio 

Tempe r a tu r e  c ont rol  

without regulators ;  
Type B bulb 

Jordan  Corporat ion 
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Component Des c r ipt ion  

Shell and tube type; 
model no. OCW-1-10 

Sup pl i e r 

Vickers ,  Inc. 
Troy ,  Michigan 

Norgren Company 
Denver,  Colorado 

Heat exchanger 

Model no. 11 -009 -041 ; 
0-160 ps i  

"Fi l ter-Card",  model 
no. 9553-00 

Regulator 

Culligan F i l t e r  
Detroit ,  Michigan 

F i l t e r  

Replacement element,  
model no. 9553-11 

Culligan Filter 
Detroit ,  Michigan 

F i l t e r  
element 

Pattern no. 4555, 1 1 2  i n  
inlet, 112 i n  x 112 i n  
outlet threaded, P V  C - 1 

Tamco Plas t ic  Supplies 
Lima,  Ohio 

Three  -way 
valv e 

5 gallon capacity; model 
no. 2318-3 

Tamco Plas t ic  Supplies 
Lima,  Ohio 

Reservoir  

Model no. FP-1/2-27-G 
lOA3565A, 70 sca le ;  
float no. 112 G N  
SVT-48 

F i s c h e r - P o r t e r  Compan. 
Detroit ,  Michigan 

Flowmeter  s 

P r e s s u r e  

gag e 

Mar  sh  In s t  rument  Co . 
Skokie, Illinois 

Master  tes t  type 200, 

Subdiv is i o n  s 
0-30 PSI, 0.1 PSI 

E. H. Sargent 
Detroit ,  Michigan 

Thermometer  Model no. S80775, 
viscosity,  Engler ,  ASTM 
No. E-1 ,  Centr igrade 

Amco Engineering, 
Chicago, I11 ino i s  

Amco Engineering, 
Chicago, Illinois 

Amco Engineering, 
Chicago, Illinois 

Amc o E n  g in  e e r i n  g , 
Chicago, Illinois 

Cabinet 
components 

(a )  Basic 
F r a m e  

#FB28 - 19 -22  

( b )  Side 
Panel 

#SK28-22 

( c )  Knee 
space 
panel 

SK22 
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C o m p o n e n t  

C a b i n  et 
c o m p o n e n t s  
( c o n t i n u e d )  

( d )  P l a i n  p a n e l  28" 

( e )  W o r k i n g  f r a m e  

( f )  H i n g e d  d o o r ,  
left 

( g )  H i n g e d  door,  
r i g h t  

( h )  Base c o w l i n g  

( i )  C o w l i n g ,  t r ip le  
l e n g t h  

( j )  W o r k i n g  s u r f a c e ,  
t r ip le  l e n g t h  

(k) R e g u l a r  casters 

(1  ) L o c k i n g  casters 

Motor V i b r a t i o n  
damper 

D e  sc r ipt  ion  

P28 

FW22 

D 2 8 L  

D 2 8 R  

C B l 9  

C 9 0 T  

W S  2 2 T  

c A x 2 s  

c A x 3  

5 / 1 6 "  i s o m o d e  p a d  

Supplier 

A m c o  E ng i n  e e r i n  g 
C h i c a g o ,  I l l i n o i s  

A m c o  E n g i n e e r i n g ,  
C h i c a g o ,  I l l i n o i s  

Amco E n g i n e e r i n g  , 
C h i c  a g o ,  I11 ino  is 

Amco E n g i n e e r i n g ,  
C h i c  a g o  I l l i n o i s  

Amco E n g i n e e r i n g  
C h i c  a g o  I l l i n o i s  

Amc o E n  g in  e e r i n  g , 
C h i c a g o ,  I l l i n o i s  

Amco E n g  in e er i n g  
C h i c  a g o  I l l fno  is 

A m c o  E n g i n e e r i n g  , 
C h i c a g o  I I l l i n o i s  

A m c o  E n g i n e e r i n g !  
C h i c  a g o  I l l i n o i s  

MB E l e c t r o n i c s  
N e w  H a v e n ,  
C o n n e c t i c u t  
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